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ABSTRACT 
The present investigation was undertaken to determine 
an extra-skeletal reference plane and its reliability. 
The results of this study revealed that it seems 
possible for an orthodontist to establish an extra-skeletal 
reference plane, if a specially designed analyzer is used. 
It has been shown that by using this devise in his determination 
of a base landmark, an orthodontist can have a high degree 
of reliability within himself. It also appears likely 
that the reference plane obtained in this manner by one 
orthodontist is reproducible, to a high degree of reliability 
by other orthodontists. A remarkably hi~h reproducibility 
,,,as obtained if a group deterrr.ination of a reference base 
was done. To the orthodontist, it means that there may 
be a ,.,ay of accurately producing a reliable reference 
plane for static cephalo~etric analysis. This could be 
used to standardize communication among orthodontists. 
-v-
TABLE Qli' CONT~NTS 
READEJ S I APP .-{OVAL 
DEDICATION 
ACKNOv/LEDG~l1:ENT S 
AI3ST11.ACT 
LIST OF TABLES 
LIST OF ILLUSTRATIONS 
I !!TnODTJC'r ION: 
CHAPTER I: Literatur e Reviev, 
CHAPTER II: Hateria.1 a nd l•iethod 
CHAPTEJ III: 
Ci:IAl"'TER I V: 
R7 FEn.ENCES 
TABLES 
ILLUSTRATIONS 
.. . .. 
Results 
Di s c::tssl on 
Pa ge 
1 
ii 
111 
iv 
vi 
v11 
1 
l1-
15 
18 
20 
TABLE 
-vi-
LIST OF TABLES 
I Measurements recorded from the angle formed at 
the intersection of the sella-nasion plane to 
a vertical landmark established by the observer 
II Mean and standard deviation from the combined 
mean values of all examiners for each head 
III Two methods of reliability 
IV Accuracy of measuring method 
PAGE 
-vii-
LIST OF ILLUSTRATIONS 
Figure 1: Diagram of analyzer developed to determine an 
extra-skeletal reference plane 
Figure 2: Method of measuring the angle formed by the 
sella-nasion plane intersecting the vertical 
reference land marks established by the observers 
-1-
INTRODUCTION 
Static cephalometric analysis has become an important 
part or the orthodontist's diagnostic tools. T;lis type of 
analysis is done by taking a standardized lateral and/or frontal 
cephalogram of the patient. Certain landmarks such as orbitale, 
porion, sella, nasion, etc •. , may be traced to establish a 
base reference plane. Once it is established, various linear, 
angular, and/or positional measurements can be made and compared 
with a set or previously deter mined "reference norms." Some 
analyses use only linear calculations, 1 others use angular 2 ,3 
or positional measurements. 4,5 ¥;any analyses are made up of 
a combination of one, two, or all three of the basic measures. 6,7, 8 
In any case, the reliability of the analyses is dependent on 
the land marks chos en for a r eference plane, and the tracing 
error inherent in cephalometrics •. 
It has been shown th at accuracy in cephalometric tracing 
i s most dif f icult to achieve.9 Comparison of the same cephalogram, 
traced by r el:J.abl e examiners, \·rho kne \•T beforehand that their 
,-1ork would be jud ged for accuracy, revealed marked discrepancies •. 
The base r ef er ence planes' reliability is a combination 
of two fa ctors: biologic variation and mechanical tracing 
error. An ide al r eference plane would be one that has landmarks 
that do not vary a.nd are easily reproducible from the cephalo gram. 
If this plane exis t ed, a more uniform standardized system o.f 
communication anon g orthodontists could be established. 
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Unfortupately, evidence seems to show that rio such plane 
exists in the living head. Re~earch i .ndicates that the 
reliability of the reference planes is dependant upon 
differential gro\orth of the areas containing the points composing 
the planes. 10 - 16 
}iany reference bases have been used in c~phalometrics 
and are still employed today by various clinicians and researchers. 
Some of the more corer.ion ones are: sella-nasion, spheno-
occipital synchondrosis-nasion, P.olton line, 7rankfort-
hor1zontal, His line, and the pterygomaxillary fissure axis 
intersecting the FranJ~fort-horizontal. 
Garn, in 1961, said that there ,..,ere no "fixed points" in 
the s lrull of the living person. 17 Others state that tasion, 
porion, opist i1ion, orbi tale, pterygo!:l.axillary fissur e , speno-
occi pital sy n c: ondrosis, a.t!.terior nasal Sj)ine ar:d posterior 
nasal spine are the most var~_able of all ccphalorr.etric 
la ndmarks. 18 - 20 
One o f the most common base lines, sella-nasion, contains 
an enciocranial structure (s e lla) and an ectocranial structure 
(na.sion)tO Each one may -row at a different rate and 
direction. 10-1 6 A:)parently, ti10 "stable" reference planes 
used today may contain varia ble reference points. 
i<:rogma and Sassouni s ub :.itt cd the sa~e cas e history to 
forty-fo ur di f f er ent a nalyses. Depending on ·which one ,,,as 
used, the patient could exhibit any corr,b ination of s·..:ch factors 
as: nor ~al, pro 6na t h i c, or retro gnat h ic ~axill~; normal, 
pro r na t 1ic, or r e tr o[ na thic ma1 di 'cle; st eep, nor n-.al, or flat 
-3-
Researchers have shown that natural head position is a 
remarkably constant position, at least over a short period of 
time. Intra-cranial reference lines, when compared to the 
natural head position horizontal, were shown to have much 
variation. 21 , 22 
It is apparent that all or the current reference planes 
used in stati~ cephalometric evaluation are based on degrees 
or error. It follows that any analysis besed on these inaccurate 
landmarks can have little value to the orthodontist. At best, 
they provide no more than a quasi scientific approach to the 
patient evaluation. They are used because w·e have nothing better. 
The present investigation was undertaken in an attempt 
to find a more reliable base line for static cephalometric 
evaluation. Since previous investi gations have shown the variability 
of intra-slceletal reference points, this paper will deal ·with 
the determination of an extra-skeletal reference line and its 
reliability. 
CHAPTER l 
Literature Review 
During the period before roentgenographic cephalometry, 
orthodontic diagnosis depended largely upon soft tissue 
appearance, dental casts, direct measurements, and photography. 
Various planes of orientation were bPing used in orthodontic 
diagnosis. They were borrorred from Anthropometry, which 
had its beginning in the eighteenth century. Camper ceasured 
the relationship of the face to the head on dry sltulls. He 
charted the angle formed by the follovring: a plane passing 
through the external auditory meatus and the anterior nasal 
spine, and a plane ta.11gent to the forehead and face. 23 His 
"rork \•ras recognized as the start of r.:odern anthropometry. 2'+ 
In 188ti-, the next important advancement came \·Tith the 
substitution of the Frankfort horizontal for Camper's base 
plane. 25 Camper I s tangent ·was changed to a plane passing 
from nasion to prosthion. 
Early orthodontists needed to use a reference line that 
,,1as accesible on the living head because they had no 
roentgenograms. Since it ,,,as also felt that a plane of orien-
tation should be one that vras meaningful to natural postural 
position, it seemed logical that tl1e :i"ranltfort horizontal 
\•rould be accepted by orthodontists as a possible base line. 
SjJnon ,-,as r..ost likely the first orthodontist that attempted 
to orient the dental casts on an articulator in such a vray 
that they sil!lulatecl the relatio11ships observed in the living 
p::itient. 
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Once so mounted, he could then do a static analysis based on 
certain criteria he deemed important. He felt that the 
canine could be related in such a lvay th~.t 1 t \vould determine 
the 1ocation of tl1e denture of man relative to his cranium. He 
related the canine to a coordinate system of three intersecting 
planes. They \orere as follo\'1S: the median saGaital plane, 
the l"r~l~<fort horizontal, and the orbital plane. The 
construction of these planes \olas based on rather ambiiuous 
landraarlts; nevertheless, his entire treatr:.ent plan and 
diar;nosis depended on the "la\or of the canine. 114 St anton, n.nd 
others, critjcized this method of diagnosis as being fraught 
,,1itl1 error and ·:variation. 26 
A ne,-1 realm of orthodontic dia no sis and trea trr,ent 
plannin g ca~e into bein g in 1931 as ~roadbent standardized the 
radio gra pl1ic t e c:mique ,vn ·i ch is e11plo.,rccl in ce !)halometry 
today. It ,,,as felt that no lon ger ,-1ould the field need to 
rely on :1mbiuuous soft ti3sue ·ioints of refer ence but could 
en;ploy hard tissue landmar,cs seen on 2. ce;,l1alo gram. 27 
Based on Broadbent's standn.rdized technique of cephalometrics, 
orthodontists began to search for some means o f static analysis 
that could be er.:l)loyed as a basis for trea t :::r.ent a.nd dia gnosis. 
'.I\1eed '\·Tas one of the first to justif,J treat r:.ent based on 
cephalometric analysis. 28 rle noted that Ea.r golis~9 and S1:ieidel 
and utoner30 h ad studied the av cr e.ge incli11a.tion of the 
10,,,er incisor to the r~:andib ular plane. They found it to 
be 90° plus or minus 5°. Based on clinical ob servation, it 
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·was T\-1eed' s contention that the lo\tter incisor in \>rell-
balanced faces and ideal ctental occlusions was upright over 
basal bone and at 90° to the mandibular plane. He indicated 
that treatment goals should be geared to obtain this ideal 
in every case. ae further stated that the Frankfort 
horizontal-mandibular plane angle ·was a measure or the patient I s 
facial ero,.rth. He concluded that a mandibular plane of 
16°-2~0 was ideal, 28°-35° had so. e chance of successful 
treatment; the latter al,.rays requiree1 extraction of teeth. 
Any angle above j5'° meant that the t1andible ,.,,as gro ,ring most 
unfavorably ,.,i th a great component of downl:o.rd and bac~·~rard 
growth. 'l't,reed' s statements ,,,ere most dogmatic. He ,.,as basing 
treatment on the lovrer incisor position ,,,1th little regard for 
individual variation;31,32 moreover, many class three mal-
occlusions may exhibit a steep mandib,.1lar plane ,,,ith an 
· excessive for,,,ard gro\ th component.33 
In 19 54, T\·reed c 1~ngcd his !) 1ilosophy somewhat by 
orienting the lovrer incisor more to 1.·1arus the -"'rar1.'"fort plane 
than t11e ri andibular plane. He constructed a trianele. The 
sides ·were composed of the Franl~fort horizontal, the mandib ·1ar 
plane, and a line dralm through the lower inci5or intersecting 
the afore.entioned planes. The inside angles or the triangle 
,-,ere measur e. mhe ?rankfort-rnnndibular incisal-angle i..ras 
the ir.os t er it ical one, and lras found to be 65° in ·well balanced 
faces. Of course, these harr; ,onio .s faces \vere pick ed according 
to T\· eed' s bias of facial and de?1 ·al beauty; thus, his 
treatment became 01·ientate lar gely touard t he 7EIA, with a 
nod ifin g f~ ctor, the ~~ndi ~uiar plane. 
• 
.. 
the 
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steeper the i1a!1dibular plane, the r.-.ore .upright would be 
Il~PA and the lar ger would be the _•LIA.3 Euch criticism 
of this static tecimique of ce !)halometric evaluation 1s 
present.3 1 ,3 2 ,34 ,35' It is generally geared to'1rards the 
treatr.ent of an individual based on a number ,-rith little 
regard to his facial pattern. i.e. lar 6e nose, or chin. 
Other popular dia gnostic and treatment orientated static 
cephalometric analyses have been proposed through the yea.rs. 
A felr of the nore popular ones wil1 briefly be discussed 
because their findings are generally dependent on the base 
reference line e .~ployed in the analysis. 
Reidel st ud ied the position of the maYilla a.nd t1andible 
relative to the cra1 ial base plane sella-nasion. He also 
noted that th e a e gree of discre p~ncy L~ point A a..d po:L~t B 
wer 0 -~airly reliable in d icators of apical b "!se disharmony 
be tween mo.xilla. an r.1andible. He det e·" :·ined the :inclination 
of the up ~er inc • sor t o sella-nasion, ~•ra n .~fort horizontal, 
ana nr:i.s ion-o pis th ion. 36 
Doi.,ms, in 194 B, or ga::11zed the first st at ic a :..1c.lysis ba sed 
on st atis t ic a l measure .:ents covering a \·Tide ra :..1ge of c .... nial, 
fac.:al, tlnd d ental cor::~)onents. His r e.Lerence nor !GS ·rere 
doc i_1J;1ented ,-Tith a r. ean and standard d evi a tion. ri 11e analysis 
t-1c:.s set up usin g the Vor 1ies polybon.37 Do,ms us Gd the 
?ran .:.Lort ho:cizontal 2s his pl ane of ori ent a t i on. - e studied 
t c a cial o.i le (n~sion- pogonionJ of t uent y livi1 . ., persons, 
ae s tuelve t sev n t e en , all h .'irlb i d e .1 dento- f c..cio.l harmony. 
• -8-
He compared the readings using the sella-nasion plane, the 
Bolton line, an<l the Frankfort plane. His range and standard 
deviations ,-rere about the same, regardless of which base was 
used. When he compared the facial type exhibited clinically 
with the facinl angle cephalornetrically, differences ·were 
noted. He found that the Franl<.:fort horizontal was the only 
plane that indicated the same facial type observed clinically 
,,,hen the patient \oras in his "natural head position." Do,,ms 
sug gested that the lack of correlation of the sella-nasion 
and Bolton lines \irith the facial type ,.,as due to the fact that 
these pl~nes ,,rere located in the cranium, while the Frankfort 
plane ,.;as in the face and so could more readily correlate with 
the f a cial pattern.38 \1/ith the Dovm' s analysis, any patient 
colld be dia 0 nosed and a treatnent plan set up accordingly. 
J\.l t hou gh Dotm • s an alysis re rrlains pop ul ar toda y , many investi-
gators question its validity beca use of the base l i ne employed. 
T"ne Steiner analysis ,,,as introduce d in 1953. It ,,,as 
based on the sella-nasion plane. Steiner and others felt 
that the E'raru '"'ort plane t·ras not easily identified cephalom etrically. 
He va rified this conclusion by neans of an :int er e stin g experi-
ment. Several films o f t he sar:1e pa tient ,ere ta k en ,-,ithin 
minutes of eac : other • In beti.•reen the films, t h e pa tient ,.,as 
not r emoved f r oi:l th e cep i1al ostat. Superi mpositions were done 
over s ella-nasion. Porion ,-,as found to move up, do,,m, anteri-
orly, or posteriorly. 
• 
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He also stated that true porion could not be observed in a 
cephc.locrari. Others also supported this contention. Steiner 
also felt that an added advantage of the sella-nasion line, 
composed of rcidline structures, was that it \otould less likely 
be affected by head position that the ~"'rankfort horizontal. 
The anal sis currently used, is basically a conglomeration of 
Steiner's ideas coupled ,,rith those of Reidel and Holda, -,ay. 
This analysis can be intimately associated with the diagnosis 
and treatment planning of a case. 6 
One of the sim.lest static cephalometric analysis was 
in trod 1ced by Lur golis. The be.se reference plane used ·was 
the spheno-occipital syi1chondrosis. A tri ngle ·was constructed 
usine the nasion-sphe.10-occipital plane, r.1andibular plane, and 
faci l plane as its borders. The inside an..,les ,,ere read. 
Reference nor~s using means and standard eviations were 
enploycd. The analysis ,as desiPned to in u icate various 
facial, sceletal, or d : ntal dishar rr.onies. 8 
It is evident that rr..c1.ny cep: alometric analyses have 
been for u.la ted since Tvreed' s initial at te r:1. t to relate 
treatment 1n terrr.s of the 10,-rcr incisor posltion and mandibular 
plane an_,le. In fact, over forty- our different static analyses 
are present in the field of orthodontics today. ·Jith so many, 
it ·would seem to il.1dicate that no one analysis provides a 
•eaningful method of comLunication among orthodontists. An 
orthodontist's diagnosis ~nd treatrr.ent plan is dependent u 9on 
the way in v1hich he evaluates the pa. t ient. 
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In 1937, Broadbent stated that after age six, the cranial 
base did not change ,,rith gro,,,th. Based on this assumption, 
he discussed the possibility of usjng the sella-nasion plane, 
• 
the Bolton line, and the Franltfort horizontal in cephalometrics •. 
He compared the ave1•age dimensions of fifty r::ales and females. 
Statistical analysis was done on the reference planes. 
Standard deviations and co-efficients of variation were sho,,m. 
The Bolton line had the 10,1est co-efficient of variability; 
therefore, judged on the statistical evidence, he felt that 
it should be used as the cranial refere nce line of choice. 
He further stated that the cephalograms provided a ~eans of 
ma.icing a "precise" and permanent record of the patient's facial 
type at the initiation of treatment, and could be compared ,,,ith 
future cephalo grams to determine pro gress.39 
Bjork, in a study of the reference planes sella-nasion, 
porion-orbitale, and the Bolton line, found evidence that 
contradicted :aroadbent' s conclusion. It ·was noted that the 
landmarks porion and Bolton poj.nt could not be seen radio graphically 
and ,-1ere t herefore subject to gross tracing error. On the 
basis of his study, he felt that the sella-nasion line offered 
the best combination of relative stability and ease of 
reproducibility on the lateral cephalogram. 1H) 
A study of prognathis m corr.paring th e adult Bant L.s to the 
adult S\·rede concluded that the intra-crani al reference lines, 
sella-nasion, ne.sion-articulare, and nasion-basion ,-,ere 
influenced by individual variations in anato JY.ic detail. Two 
of those exa ... ined, representing the maximun and r:1inimum prognatism 
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in adult Bantus, appeared to be of near identical facial 
profile. \·Jhen measured by a deflected cranial base, they 
gave opposite results. 41 
Koski and Virolanen tested several reference bases in 
terms of variability. Those planes analyzed were the 
Frankfort horizontal, sella-nasion, Bolton line, nasion-
basion line, nasion-opisthion, and the His line (acanthion-
opisthion). One hundred dental students ·were examined. 
Porion \-las taken as the hie;hest poi..'11.tt of the ear rod. Double 
shado\ •!S were bisected to form one ·point. l'he measuren1ents 
·were ta 1~0n directly on the films. 1·0 check tl1e reliability 
of tracmgs, double deter minations ,,,ere done. Two linear 
measurements, nasion-Bolton point, and porion-orbitale, showed 
considerable systematic error ,-,hen compared in the double 
determinant 1nethod. All other reference planes tested sho,-1ed 
a similar amount of va1"iation. It ,-1as concluded that since 
no base line \·ras really outstandin,.., the His 1 ine should be 
used because it ·was nearly parallel to tl1e Frankfort plane 
but exhibited less variation. 42 
It is questionable as to ·why por i on is still included 
in any static cephalometric analysis. Do\-ms, a proponent of 
the Fran kfort plane, has reported that "porion \oTas not 
distin su ishable on a lateral cephalogram of the living patient." 
He felt that the earpost, com.r.ionly used as porion, did not 
accurately represent its true locatio.:.1. In his o:1inion, 
anatomic porion ,,1as three rr.illimeters above the ear rod. 43 
Researcl1 seems t o indica. te that tl1is landmark should be 
discarded from cephalometric analysis due to its variability. 
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An interesting method of comparing anatomic 1•eference 
plane was demonstrated by Bjering and l10orrees. 21 , 22 They 
found that natural head positio11 vras a remarkably stable 
, 
position. Bjerin's determination of the natural head 
position seemed to be some·what inaccurate; ho\.rever, he found 
a standard deviation or only ±2.7° for the true vertical. 
He then compared tl1e Frankfort horizontal and the sella-
nasion line to the natural head ~1orizontal. The Frankfort 
plane was found to be +1.8° with a standard deviation of 
~ti-.6°; sella-nasion was found to be -l1-.3° •with a standard 
deviation of ±4.o0 • Similar observations for the Frankfort plane, 
relative to the natural head position, were reported by 
Downs in 1953. Thus, Bjerin's data seemed to indicate that the 
intra-s1~e1etaJ. reference planes h~d gre~ ter dispersion about 
their means th an the eytra-skeletal base line. 
lloorrecs• wor~- sho\'red an even s 1aller s tandurd d1~via tion 
for the true vertical tha n Bjerin 1 s work. It is ossible that 
his methodology l-ro.s r. ore reliable than Bjerin 1 s. i:oorrees 
used a ~odified Broadbent cephalostat. It had a plumb line 
perpendicular to the cassette and in suc h a ·wcJ.y that it 
·would be reco ·,d ed on the x-ray film. Tr1ere ,-rere no ear 
supports. To :c:aintain a constar_t distance bet,-,een the 
u.idsag gital plane of the patient to the filrr:, t, , o vertical bars 
were centered and built into t 11e headholdcr. One bar was in 
the front of t he cephalostat, the other was in the rear. Two 
groups of dental students ·were participants in the experirr!ent. 
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Each student was instructed to orient his head so that his 
midsaggi tal plane ,..,as on the vertical bar in the middle of 
the head holder. A mirror .was set up in front of the student. 
He ,,ras instructed to look directly into the mirror at an image 
of his own eyes. The first group consisted of sixty-six 
students .. . Two cephalograms were taken one \oteek apart. 
The standard deviation of the head position in this group 
was ±2.05°. The second group \olas cor.-1posed of sixty-one 
members. They ,..,ere given the same instruction as group one; 
110,.,ever, observerr. were allo,ved to adjust the "natural head 
position" if they felt that tl1e test subjec-c ",as in variant 
position. 1\ro cephalog1·ams \·rere a gain ta lten one week apart 
The results indicated a reduction in the standard devi ~tion 
of head posi tio11 variation to ±1. 54°. This was significant 
at the 5;; level. \•lith a small dispersion, it seemed possible 
to coznpc"re the varia b ·i li ty of intra-skeletal ba se lines. 
Suell a test ·was done ,.,,i th the follo, ,rin 6 reference planes: 
sella-nasion, Frankfort horizontal, His plane, and the Bolton 
plane. The results indicated that the intra-skeletal reference 
planes sho·wed from t,,10 to four times as much variation as 
the natural head position. l•loorrees also fo und that a 
deflection of one intra-sl~eletal reference pla .ne ,,ra.s usually 
associated with a deflection of the other refere nce pl anes; · 
thus, con t radicting the idea that increased reliability in 
ce phalometric evaluation could be achieved by u.sin g multiple 
reference liaes. 
The gro\>rth data ava:ilable corroborates cephalometric 
studies showing the inherent variability of enatomic 
landmarlcs as reference points for static cephalometric evaluation. 
Biologic reference points such as sella, nasion, porion, Bolton 
point, etc., are located in differ .ant areas ot the slcull. 
It has been shown that these areas gro,,, at a differential 
:rate; thus, nasion may be growing uplrard and for\>rard ·while 
sella moves downward. 10 - 16 It is apparent that the landmarks 
composing a reference plane may chan ge their position during 
gro'\ltth. Enlo\-1 has stated, "Ther e are no stable reference 
points in the slcull. 1113 Bjorli: has demonstrated that tl1e 
cranial base may alter its shape up to adult age. 16 The 
idea of a stable cranial ba se durin g orthodontic treatment is 
open to question. 
Cephalometric evaluation l1a.s become an integral part 
of many orthodontic practices. Yet the static cephalometric 
analyses use reference norms based on variable landmarks. 
It follows that a patient having n de f lected base line may 
l1a.ve an :l.naccl.lrate dia ~nosis and treatment plan. The search 
for a more reliable plane of reference must go on. 
-15-
CIIAP''ER ll 
~!a,terials 
Using a Margolis cephalostat and G.E. x-ray head at a 
a film distance of 51· , lateral cephalograms were taken of 
fifteen orthodontic patients before treatment ·was initiated. 
The sort tissue profile, sella, nasion, palate, upper and 
lower incisor, upper and lo'\>ter molar, a11d the mandible ,,ere 
traced. The centers of sella and nas ion ,.,ere marked '\>Ii th a 
small dot. An ink dra,1ing of e::ich head ir,as made. Using legal 
sized paper, ten copies of each drat·ring \·tere made ,,,.,1th a 
Xerox duplicating machine. ~ 
An analyzer was designed for the experiment. It 
consisted of a rnasonite ¼" board cut tl-renty incl1es 1n length 
and eighteen inches width. .1.-c one end, the width ,.,,as t\ ·renty 
inches because of two 1 11 by 2" projections. They gave the 
appearance of mah:ing that end of the board look as if it 
had a vertical bar. This ,..;as called the sigl1ting bar and 
represented the fro11t of the analyzer. A 3½" radius circle 
·was ce11tered vertically and cut ¾" from tl1e sighting bar. 
Five pairs of marking holes ·were drilled into the board. 
Each set of holes was parallel to th.e vertical b~tr. These 
mar!-;:ing holes started one inch behind tlie circle and ·were 
spaced horizontally every ½" and vertically every t,.,o inches • 
• A picture of the analyzer is sho\im in figure 011e. 
• 
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l~ethod 
Ten observers consisting of seven second year orthodontic 
students and three orthodontic instructors were used 1n the 
experiment. Each man was given a brief instruction period 
in how to use the analyzer. He was told that each observer 
would receive a packet containing fifteen sheets of paper, 
each having a tracing or a different patient. One picture 
at a time ,-1as to be placed under the analyzer so that the 
race appeared in the circle; the soft tissue profile lras then 
to be oriented as ir the patient were looking directly at 
the vertical bar. \il1en this position was determined, the 
experimenter ·was to r.1ark a dot wit h a sharp pencil in each 
of the first set of holes. He ,,,as then instructed to slide 
the paper from beneath the analyzer and write a small number, 
one over each of the t,,10 dots. Af ter goin g throu ,,.h the 
entire series, the observer \fas told to shuffle the drawings 
and repeat the observ a tions markin g the dots in the second 
ro·w of holes 1-.rith t h e number t tiro. This procedure ·was to be 
done five times on every drawin g. This meant that every 
observer recorded 75 measure ments at the end of his part 
of the experiment. 
When tl1e dra,.,in gs ,-,ere returned for evaluation, each 
one had five set .. of dots. The t, .,o dots marlted t-rith the 
number ont.. ,,rere conn ected; the do ts marlt ed tiro ,-,ere connected, 
etc. liext, a horizontal line ,..,as constr u cte d pa s s ing through 
the points denotin g sella and nasion. These dots vrere marked 
before the inl{ tracin gs v1ere duplicated; there fore, each copy 
of the same head contained identical mar k in gs for the horizontal 
baseline •. 
• 
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The angle formed by the intersection of the baseline with 
• the verticals ·was recorded. ( Figure 2) 
statistics 
A mean, standard deviation, and a ranee for each 
e:r~miner I s readings for each head ·were calculated. This was 
follovred by a mean, standard deviation, and range for each 
head. The standard deviation was computed according to the 
formula s. D. =\h~roc2'? i;;x>2 • ~ N~ 
Reliability tests t..rere fil!ured according to t,,,o formul;3.e: 
Hoyt's reliability= Vr-Ve; and intra-class reliability= 
Vr 
Vr-Ve 
Vr+(K-l)Ve. 
To determine the accuracy or the measuring method, six 
replications ,-,ere made of each five angles. Fean and standard 
deviations ,.,ere calcula tcd for each. 
• 
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CHAPTZfl ;III 
ne~µJts 
The standard deviations of the angle formed at the 
intersection of the sella-nasion plane to a vertical landmark 
established by each observer on an individual head were 
quite small. The readings had a range of t.4° as a low, to 
+ 0 
· -3•7 as a high. Sixty percent of those measurements were 
!1. 5° or less; over t,·renty-five percent ·were belo,-1 !1.0°. 
(table l). 
\iJhen a standard deviation computed from combined mean 
values of all exa.n1iners for each head ·was conpared to the 
standard deviations derived from the observations of each 
examil1er for each head, the results \-Tere somewhat cor:.parable, 
al thoug 1 there ,,,ere fe\•rer lo •T values. This range of sta.11dard 
deviation ,,ras from a 10,-1 of !1.7 to a high of ±3.4. Over 
501~ of the standard devia.tions of this group vrere belo, ,, ±2.0~ 
(table 2). 
Reliability tests ,1ere performed to deterr:iine the measure 
of reproducibility of the obtained readings, if the e .. :aminer 
or gro ~P ·were to repeat the analysis. aoyt I s forr . ula ,-,as used 
to calculate the reliability of t'1e findings recorded bf an 
individual ,-,hen n;ore than one o bservation 1-ras done, L,.J -:ell 
as the reliability of the combined results of multiple 
observations deter~ined by the group. Intraclass reliability 
,vas employed to deter mine a measur e of one rat0r • s ability 
to reproduce a ~iven reading at any particular time. It was 
also used to evaluate tl.e reproducibility of the raters ·within 
the group to each other. 
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The reliability tests yielded the following results: 
1. When one examiner recorded a series of five readings for 
each head, it was deter mined that they could be reliably 
reproduced. Depending on the observer, the range ,..,as from 
.964 to .990. (table 3) 
2. If an observer made a single rating on each head, he could 
reproduce this reading on any other evaluation reasonably 
accurately. The intraclass r ranged from .861 to .964 (table 3) 
3. When ten e;,:aminers (the group) evalua .ted the same head 
f'ive times, the degree of reliability ,.,as •. 988. If a member 
of the group rated each head five times, and was compared to 
the results any other member of t :1e group ,,rould achieve lool:ing 
at the same heads, an intraclass r of .890 would be obtained. 
It is an indication of a high degree of reliability within the 
group. (table 3) 
The accuracy of the measuring method, as deterrr.ined by 
' 
the standard deviations calculated from six replications of the 
same five angles, was 
+ 860 + 0 was -.1 to -.250. 
high. The range of standard deviations 
(table 4) 
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Disct1ssion 
Since the advent. of the standardized technique for 
cephalometrics, much study has gone into finding a -stable 
reference pla11e for static cephalometric evaluation. l"iS.Ily 
planes of the skull have been proposed, but none has proven 
their reliability. There is no reference line today that 
cannot be associated ,.,ith some degree of variation. 2 1 , 22 ,39, 42 - 4 5,'+8 
Some have more than others. Orthodontists may base their 
dia ~nosis and treat ent plan mainly on a static cephalornetrlc 
evaluation. The validity of the analysis must be questioned, 
particularly '\-Then an error in the reference plane may yield 
misleading an gular or linear rfleasu.renents tho t ID"'Y be directly 
rele.ted to dia gnosis and treatr. 1ent planning. 
A popular concept in ort 10<.lontic di.?. r,nos is and trea t1nent 
pla1min g is tl1e control of the vertical dimension of the 
patient by measure ment of various angles. 46 ,47 The angles 
are made up of the mandibular plane intersectin g the base 
line; a11d the occlusal plane intersecting the t'..andibu.lar plane. 
Proponents of tl1is theory claim that the gr eater the angle, 
the rr.ore likely t-rill ma11dibular count:er-clockwise rotation 
occur if any ex _r ~ sive forces are placed in the molar area. 
'l'hese planes diverge from each other, giving the faci a l pattern 
the picture or a larr.e ·wed e. It ii tl1ought that a small 
extr 1.1sion in t·1e posterior is magnified in the anterior, 
the res ·u t is a counter-cl ock,-rise rr,andib 1lar rotation. 'l'he 
idea seems logical; ho\irever, no study done by these rren has 
• 
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shown any significant clinical correlation bet\treen mandibular 
rotation and the measured anbles. The highest statistical 
correlation tl1ey fotmd usine this method of diagnosis \tras 
r=.36, ,~1ich is nearly meaningless clinically.47 
One possible reason for the lack of clinical correlation 
bet\oreen vertical dimension changes and angular measurements 
of the mandibular plane, occlusal plane, and palatal plane, 
is that the base line variability may mask the true facial 
pattern of the individual. It has been shown that reference 
planes, excluding natural head position, can be associated 
·with variations approximating ±5.0° for one standard deviation. 
Let us suppose that a three standard deviation exists for a 
cra.11ial ref erence line ·within an individual; the deflection 
would then be ±15°. The person could possess a "normal" 
D".andibular pla?1.e, occlusal plane, and palatal plane; but the 
deflected base-line could give the appearance of highly 
divercent facial pattern. An analysis in such a situation 
would indicate an inaccurate diagnosis and treat ment plan. 
An illustration of this concept ,,,as demonstrated by !·'ills. 48 
ne conducted a static cephalometric analysis on the sa e 
patient using the sella-nasion line, the Fran 1~fort horizontal, 
and the natural head position horizontal. nhe diagnosis 
and treatment plan ,1as appreciably affected by t'1e :;>lane of 
reference. Based on the sella-na ion line, an extremely 
divergent facial pattern was noted \vith a niarkedly retror,nathic 
ma11dible and normal ma)::illa. The Fra.111-~fort plane sho~1ed less 
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or a hyper-divergent facial pattern plus a combination ot a 
prognathic maxilla and retroenathic mandible. The natural 
head position indicated a normal facial pattern with the 
exception of an extreoely prognathic maxilla. Based on the 
sella-nasion and Frankfort horizontal, it would seem to be 
' 
very dangerous to ernploy any treatment mechanics causing n:olar 
extrusion. Mills treated this patient according to . a natural 
head position analysis. It apparently showed that vertical 
forces were not contra-indicated. Cervical traction was 
used for two years; class two mechanics ,,,as er:ployed f'or 
six months. There ,-,as no counter-clock,•1ise mandibular 
rotation. It would seem that the subject did not have the 
hyper-divergence indicated by the angular measur ements based 
on the intra-sl<eletal reference lines. 
Hatural head position has been associated vtith perhaps 
the least a~ount of variation as a reference plane for static 
cephalometric analysis. 21 , 22 l·.oorrees demonstrated that two 
patients havin - nearly identical profiles cou+d exhibit marked 
differences \.Tithin analyses using intra-skeletal reference 
planes. This difference ,,ras found to be related to the 
inclination of the base lines. Yet natural head position 
analysis has never gained significant popularity. One of its 
fa lts may be that it does not provide a clear means of 
comt:1unication rur.ong orthodontists. It .. ust be remembered that 
the least variation associated with the natural head position 
occured when an observer corrected the individtial I s head 
position into what he felt was the true natural head position. 
• 
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• 
Suppose that someone in Ne,,., York established a diaenosis and 
treatment plan based on the corrected head posture. Could 
someone in California duplicate these results if he received 
only the original cephalogram? No, he ,1ould need the living 
patient to perform the same type of analysis done by the 
-
orthodontist in New York. If natural head position is used 
for a reference plane, how can a diagnosis and treatment plan 
arrived at by one orthodontist be validated by anotl1er? 
The search for a reliable reference plane has been 
going on for centuries. One may ask '\'that is reliability? It 
is a measure of reproducibility. A perfect reliabilit ~, would 
be expressed mathamatically as 1.0, indicating that the same 
results would always be obtained giver- the same object to 
analyze. 1+9 In orthodontics, ,,e are looking for a reference 
pl~ne that ideally is exactly reproducible by the same 
observer if he looked at a partic lar cephalo~raph today, 
tomorro\1, or ne;:t year. Tl1e reference pl""'ne ·would also need 
to be reproducible by any other orthodontist at any time. If 
tl1ese criteria could be net, a standardized means of coml7iunication 
,-rould be established among orthodontists. No such 
reproducibility is present in any current re~erence base used 
in static cephalometric anelysis. Perhaps that is a possible 
reason why we have over forty different static analyses currently 
used by o?t odpntics. 
This investigation has rev ealed that it ·would seer. 
pozsiblc for an orth.odontist to establish an extra-sk eletal 
refe:ence plane, if a speciall y designed analyzer is used. 
-2>+-
It has been • shovm that by usin g this devise in his deter1 :1ination 
of a base lmdmark, he can have a high de r;ree of reliab:i.lity 
,.,ithin himself lHoyt' s r=.969-9 90) providin g he takes a sum 
or average of 5 reaclings. It also appears possible that the 
ref erence plane obtained in this manner by one orthodo11tist 
is reproducible, to a hi gh degree or reliability by other 
orthodontists (Intraclass r=.89) if a eroup determination of 
a reference base ,,,as done. It means that there ·was apparently 
almost no variation present in a determination of a base plane 
by a group observatio n . To the ortl1odontist, it means that 
there may be a way of accurately producing a reliable 
reference pla.11e tl1at could be used to standardize comnunication 
a~ong ortho dontists in r eg ards to static cephalometric analysis. 
There is a possibility that tl1e extra-s }~eletal ref erence 
lines proposed in this pa per mo.y app~oach the criteria 
necess Qry for a stan dar d ized, r eliable re fe rence plane. It 
is easily reproducible f rom a ce _halo ~ra m, as the soft tissue 
profile is th e land :mar lc used for orient a tion o f the tracing 
in the analyzer. It can be highly r e liable. Communication 
a r.:on r; orthodontists usin g this t echn ique seez:Is possible. 
It w·ould also provide another oeans to st udy the q iolo gic 
• 
variation of the cranial confi guration of man. 
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TABLE I
. 
Measurements recorded from the angle formed at the 
intersection of the sella-nasion plane to a vertical 
landmark established by each observer 
OBSERVER 1 
HEAD 1 HEAD 2 HEAD 3 HEAD lt-
1. 88.0 1. 98.0 1. 101.5 1. 95.0 
2. 89.0 2. 98.u 2. 101.0 2. 95.0 
3. 90.0 3. 95.0 3. 103.0 3. 91., 
1+. 90.0 1+. 95. 5 1+. 102.0 1+. 92.0 
5. ~ 5. 92.0 5. 26,u 5. 21,0 mean 9. 95.7 100.7 92.9 
s. d. to.7 :t2.2 t2.4-1 t1.7 
range 88.0-90.0 92.u-98.0 96.0-103.0 91.0-95.0 
HEAD 5 HEAD 6 HEAD 7 HEAD 8 
1. 94.0 1. 101.0 1. 103.0 1. 98.0 
2. 91.0 2. 103.5 2. lOj.O 2. 98.0 
3. 95.0 3. 104.u 3. 103.0 3. 108.0 
1+. 94.0 4. 101.5 1+. 103. 5 '+. 102.0 
5. 2J.,O 5. l,OO.O 5. 104. 5 5. J.01+1 0 
mean 23-0 1~2.0 1~3-4 102.0 
s. d. -1.6 -1.5 -0.5 :t3.7 
range 91.0-95.0 100.0-104.o 103.o-1u4-.5 98.0-108.0 
HEAD 9 HEAD 10 HBAD 11 HUD 12 
1. 97.5 1. 101+.u 1. 95.0 1. 97.0 
2. 97.5 2. 1ot1-. 5 2. 94-.0 2. 98.0 
3. 96.5 3. 101.0 3. 93.5 3. 97.0 
4. 96.0 4-. 102. 5 4-. 93.0 4. 97.0 
5. 25.0 5 •. 100,0 5. 21,5 5. 96.u 
mean 26·5 102.l+ ij.4 21.0 
s •. d. 
-0.9 ±1.7 -1.1 -o.6 
range 95.0-97. 5 100.0-104.0 91. 5-95.0 96.0-9 ~.o 
HEAD 13 HEAD 11+ HEAD 1'5 
1. 97.0 1. 93.0 1. 91.5 
2. 97.0 2. 95.0 2. 93.0 
3. 93.0 3. 95.0 3. 92.5 
lf.. 95.5 l+. 9.:S-5 4. 91.0 
5. 23,0 5. 91,0 5. ~ mean 95.1 13. 5 91. 
s. d. ±1.8 1.4 ±1.0 
range 93.0-97.0 91.0-95.0 90.0-93.0 
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TABLE I CON'J.'INUED 
OBSERVER 2 
HEAD 1 HEAD 2 f::iAn 3 HEAD 4 
1. 93.5 1. 98.0 1. 101.0 1. 99.0 
2. 97.0 2. 97.0 2. 101.0 2. 98.0 
3. 91.f..O 3. 9§.5 3. 104.0 3. 91.0 
1+. 97.0 4-. 9 .o 1+. lOt+. 0 1+. 9Lt-.5 
5. ~ 5. ~:~ 5. 104-.0 5. 2a,o mean 1~2.8 i6.l s. d. -1.6 1.1 -1.4- -2.9 
range 93.5-97.0 95. 5-99.0 101.0-101+.o 91.0-99.0 
HEAD 5 HEAD 6 HEAD 7 HEAD 8 
1. 99 •. 0 1. 104-.0 1. 99.5 1. 100.0 
2. 97.0 2. 105.5 2. 102.5 2. 105.0 
3. 96.0 3. 103.0 3. 102.0 3. 101.0 
4-. 96.0 4-. 104.0 4-. 100.0 4-. 105.0 
5. ~ 5. ½ga:a 5. ~ 5.~ mean 1~1. 103. s. d. 1.1 to.a -1.9 ±2.l+ 
range 96.0-9 9.0 103.0-105.0 99. 5-105.0 100.0-106.0 
HEAD 9 HEAD 10 HEAD 11 HEAD 12 
1. 97.5 1. 104-.o 1. 95.0 1. 97.0 
2. 97.5 2. 101+. 5 2. 91+.o 2. 98.o 
3. 96.5 3. 101.0 3. 93.5 3. 97.0 
l+. 96.0 4. 102.5 '+. 93.0 4-. 97.0 
5. 
~ -
5. 100,0 5. 2l, 5'. 5. 96.0 
mean 1~9.0 23•6 29-3 
s. d. -1.3 -2.3 -1.6 -2.1+ 
range 95.0-97.5 100.0-104-.0 91. 5-95.0 96.0-98.0 
HEAD 13 HEAD 11+ HEAD 15 
1. 97.0 1. 93.0 1. 91.5 
2 •. 97.0 2. 95.0 2. 93.0 
3 •. 93.0 3. 95.0 3. 92.5 
1+. 95.5 1+. 93.5 1+. 91.0 
5. ~ 5. ~ - 5. 9010 mean i7.4-s. d. -2.3 to.a -1.5 
range 93.0-97.0 91.0-95.0 90.0-93.0 
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TABLE I CONTINUED 
OBSERVER 3 
HEAD 1 HEAD 2 HEAD 3 HEAD lt-
1. 93.0 1. 97.0 1. 102.0 1. Ql.O • 
2. 91.5 2. 97.0 2. 104.0 2. 96.0 
3. 93.0 3. 97.5 3. 104.0 3. 91.f..O 
lf-. 93.0 lf-. 95.0 4. 103.0 t+-. 9'+.5 
5. 2310 5. 94,0 5. ~ 5. ~a:~ mean 22.7 i6.1 l~J• 
s. d. 
-o.6 -0.3 -o.8 -1.6 
range 91. 5-93.0 94.0-97.0 102.0-104.0 91.0-96.0 
HEAD 5 HEAD 6 HEAD 7 HEAD 8 
1. 91.0 1. 102.0 1. 99. 5 1. 97.5 
2. 90.0 2. 101.0 2. 98.o 2. 99. 5 
3. 94-.5 3. 103.0 3. 97.5 3. 101.0 
1+. 91.0 4-. 10~.o 4-. 97. u 4-. 98.0 
5. 2110 5. l04 1 0 5. J.OQ,Q 5. 100,0 
mean 21. 5 102.'+ 2~-4 i9.2 
s. d. + 
-1. 5 -1.0 -1.1 -1.2 
range 90.0-94-.5 101.0-lOLt-.O 97.0-100.0 97.5-101.0 
HEAD 9 HEAD 10 HEAD 11 HEAD 12 
1. 97.0 1. 104-.0 1. 89.0 1. 101.u 
2. 97.0 2. 101.0 2. 89.0 2. 102.0 
3. 99.0 3. 102.0 3. 88.5 3. 95.0 
4. 100.u 4-. 102.0 1+. 90.0 4. 96.0 
5. 2910 5. l,Ol10 5. 22.0 5. 28,0 
mean ib.4 1~2.0 ts9.7 28.4 
s. d. 
-1.2 -1.1 ±1.2 -2.7 
range 97.0-100.0 101.0-104.0 ts9.0-92.0 95.0-101.0 
HEAD 13 HEAD 14 HEAD 15 
1. 93.0 1. 92.0 1. 95.0 
2. 92.0 2. 95.0 2. 95.0 
3. 90.0 3. 91.0 3. 93.0 
..... 93.5 4-• 90.0 4. 91+.o 
5. 20.0 5. 21.0 5. 241Q . 
mean 21.7 21.8 24.2 
s. d. 
-1.4 -1.7 -0.7 
range 90.u-93.5 90.0-95.0 93.0-95.0 
-33- · 
TABLE I CONTINUED 
OBSERVER 1t-
HEAD 1 HEAD 2 P.t.ZAD 3 HEAD lt-
1. 95.0 1. 96.0 1. 102.0 1. 93.5 
2. 95.0 c:!. 96.5 ~. 102.u 2. ~1.0 
3. 91+.5 3. 97.0 3. 102.0 3. 94-.0 
1+. 93.0 4-. 96.0 '+. 102.0 4-. 91+.u 
5. 21+.o 5. 96,o 5. 22.0 5. 9210 
mean i4-.3 26-~ l~l.4 ~~-9 
s. d. 
-0.7 -o. -1.2 -1. c:! 
range 93.0-9,.u 96.0-97•'-' 99.0-l Uc:!110 91.0-~4.0 
HEAD 5 HEAD 6 HEAD? HEAD 8 
1. 93.5 1. 103.0 1. 101.0 1. 101.5 
2. 9lf-.5 2. 107.0 2. 102.0 2. 102.0 
3. 94.0 3. 10.,:S.O 3. J.03.0 3. 103.0 
4. 92.5 4. 103.0 4-. <i9eO 4-. 102.u 
5. 22.5: 5. lQ21Q 5. 29!0 5. ~ 
mean 23•4 103.6 1uu.~ 1~2. 
s. d. 
-o.8 ±1.7 ±1.b -0.8 
range 92 • 5-91t-e J 102.0-107.u 99.u-103.0 101.,-10'+.0 
llliAD 9 HEAD 10 HEAD 11 HEAD 12 
1. 95.0 1. 1u3.5 1. 90.0 1. 97.0 
2. 95.0 2. lU4.0 2. 91.0 2. 97.u 
3. 94.0 3. 101.5 3. 90.u 3. 95.0 
4. 92.0 4. 101.0 '+. 88.0 '+. 96.5 
5. 94-10 5. 22,0 5. 88.0 5. 94. 5'. 
mean 94.0 l~l.'+ ~9.4 20.u 
s. d. ±1.1 -2.'+ ±1.2 -1.0 
range 92.0-95.0 9'/. 0-.Lu'+. u 88.0-91.0 9lf..5-97.o 
HEAD 13 HEAD 11+ HEAD 15 
1. 97.5 1. 91.5 1. 9u.u 
2. 99.0 2. 87.0 2. 89.0 
3. 96.0 3. 93.0 3. -88.o 
4. 96.0 4-. 88.0 '+. 86.u 
5. 2115: ,. 91.0 5. t>9,0 
mean ¥6.0 90.1 ~ts.4 
s. d. 
-2.5 ±2.2 -1.3 
range 91.5-':J9.o 87.0-93.0 86.u-90.0 
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TABLE I CONTINUED 
OBSERVER, 
HEAD 1 HEAD 2 HEAD 3 HEAD J+ 
1. 94.o 1. 97.0 1. 104.o 1. 93.0 
2. 95.0 2. 99.0 2. 105.0 2. 96.0 
~: 96.0 ~• 104.o ~- 101+.5 ~: 
98.5 
96.0 • 104.0 • 105.0 96.0 
5. i~:~ 5. io6 10 5. 105,0 5. 99,0 mean 1i2.o 101+.7 i6.5 
s. d. ±1.0 -3.l+ to.Lt -2.1 
range 9t~.o-97.o 97.0-106.0 101.t-.0-105.0 93.0-99.0 
HEAD 5 HEAD 6 HEAD 7 HEAD 8 
1. 94-.0 1. 103.0 1. 104-.0 1. 107.0 
2. 95.5 2. 110.0 2. 104 . 5 2. 107.0 
~: 9~.o ~: 108.0 ~- 107.0 ~: 
106.0 
98.0 105.0 • 1oe,.o 107.0 
5. 22.0 5. lQ2,o 5. 105,0 5. 106,0 
mean 26-9 1~6.2 1~5-3 1~6.6 
s. d. -1.8 -2.1+ -1.0 -o.l+ 
range 94.0-99.0 103.0-110.0 104.0-107.0 106.0-107.0 
HEAD 9 !GAD 10 HEAD 11 HEAD 12 
1. 96. 5 1. 108.0 1. 92.0 1. 97.0 
2. 99.0 2. 108.0 2. 94.o 2. 97.0 
~: 99.0 3. 105.0 a: 92.0 3. 97.0 99.0 4-. 110.0 96.5 4. 102.0 
5. ¼~:~ 5. 110,u 5. ze:§ 5. ;i.01,0 mean 10 .2 29-2 
s. d. -1.1 ±1.8 !2.4 -2.0 
range 96. 5-99.0 105.0-110.0 92.0-9&.o 97.0-102.0 
HEAD 13 HEAD 14 HEAD 15 
1. 98.5 1. 94.o 1. 91.0 
2. 99.5 2. 96.0 2. 90.5 
a: 98.5 3. 
92.0 3. 92.0 
99.5 4. 96.5 l+. 95.0 
5. ~ 5. 91+. 5 5. 94-.0 mean 28· i'+.6 22.5 
s. d. -1.2 -1.5 -1.7 
range 96.0-99.5 92.0-96.5 90.0-95.0 
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TABL,E I CONTINUED 
OBSEnVER 6 
HEAD 1 HEAD 2 HEAD 3 HEAD lt-
1. 93. 5' 1. 94-.0 1. 102.5 1. 93.5 
2. 9~.o 2. 97.0 2. 101+.5 2. 95.0 3. 9 .o 3. 96.0 3. 104-.5 3. 95. 5 
1+. 92.5 4. 97.0 4. 105.0 1+. 99.0 
5. 21+.o 5. ~ 5-~ 5. i~:H mean 23•4 1~. 
s. d. -o. 5 -1.7 -1.2 -2.0 
range 92. 5-9'+.o 94.0- 99-5' 102.5-106.5 93. 5-99.0 
H~AD 5' HEAD 6 HEAD 7 HEAD 8 
1. 94-.0 1. 103.0 1. 101.0 1. 99.0 
2. 92.0 2. 103.0 2. 98.0 2. 99.0 
3. 89.0 
~: 102.0 3. 99.0 ~- 100.0 1+. 90.0 105.5 4-. 98.0 • 101.0 
5. 22.0 5. 104.0 5. 101,0 5. 101,0 
mean i1.1+ 1u3.5 c,9 .4- 1~0.0 
s. d. t1.1 + -1.7 -1.3 -o.a 
range 89.0- 94.o 102.0-105.5 98.0-101.0 99.0-101.0 
HEAD 9 fraADlO 1-hlAD 11 HEAD 12 
1. 97.0 1. 1o4.o 1. "I• 0 1. 95.0 oo . 
2. 95.5 2. 105.0 2. 91.0 2. 97.0 
3. 97.0 3. 100.0 3. 8t5.0 3. 95.0 
'+. 96.0 4-. 103.0 4. t-J7.o 4. 89.5 
5. 20.0 5. 102,0 5. 86. o 5. 9 i•O 
mean 26.7 1~2.8 iu.O 93.9 
s. d. .:.o. 8 -1.7 -1.6 :t:2.5 
range 95. 8-98.0 100.0-105. 0 06. 0-91.0 89. 5-97.0 
HEAD 13 Ifil .AJ) 14- n~ 15 
1. 92.0 1. s .... •.u 1. 93.0 
2. 95.0 2. 94-.o 2. 95.0 
3. 94.5 
~: 91.5 3. 90.5' >+. 91.u 91.5 4-. 94-.0 
5. 22,0 5. ~ 5. 20,0. mean 22.9 20. 92.5 
s. d. -1.5 -2.2 :t1.9 
ran ge 91.0-95.0 87.0-9'+.0 90.0-95.0 
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TABL1 I CONTINUED 
0BSE~V~"'l 7 
HEAD 1 .tIEAD 2 HEAD 3 HEAD 4 
1. 89.0 1. 9i.o 1. 96.5 1. 95.0 
2. 91.0 2. 9 .o 2. 99.0 2. 95.0 
3. 91.0 3. 98.; ~- 100.0 3. 97.0 
1+. 89.0 4. 96.5 • 98.0 4 • 93.0 
5. 1:% 5. 98.o 5. 9610 5. ~ mean 
~9- 27-2 i1.9 0 
s. d. -0.9 -1.2 -1.5 ±1.2 
range 89.0-91.0 95.0-98. 5 96.0-100.0 93.0-97.0 
HEAD 5 Hlli\D 6 HEAD 7 HEAD 8 
1. 91.0 1. 101. l) 1. 102.0 1. 103.0 
2. 91.0 2. 103.5 2. 105.0 2. 106.5 
~: 93.0 ~= 
103.0 
~: 100.0 3. 100.0 93.0 103.0 99.; l+. 103.0 
5. 92,2 5. 104-.Q 5. 22.0 5. 102.0 
mean 22.1 1~2.9 1~1-1 101.9 
s. d. 
-0.9 -1.0 -2.2 ±1.1 
range 91.0-93.0 101.0-101+.o 99.0-105.0 100.0-103.0 
HEAD 9 HEAD 10 HEAD 11 HEAD 12 
1. 95.0 1. 103.5 1. 90.0 1. 94.o 
2. 97.0 2. 105.0 2. 92.5 2. 96.5 
a: 95.0 ~= 
104.0 3. 92.0 
~: 95.0 95.0 102.0 4. 91.0 95.0 
5. ~ 5. l02 1 0 5. 23,0 5. 91+.0 mea11 i 1~3.9 i1.7 24-.9 s. d. -o.B -1.1 -1.0 -u.9 
range 95.0-97.0 102.0-105.0 90.0-93.0 94.0-96.5 
iEAD 13 HEAD 14 ~AD 15 
1. 93.0 1. 92.0. 1. 91.0 
2. 93.5 2. 91.0 2. 94.o 
a: 92.5 3. 92.0 3. 93.5 92.0 4-. 92.0 4-. 92.0 
5. ¾~:~ 5. ,o,o 5. 94.o mean i1.r.: 22.9 
s. d. -0.5 -o.B -1.2 
range 92.0-93.0 90.0-92.0 91.0-94-.0 
mean 
s. d. 
range 
mean 
s. d. 
range 
mean 
s. d. 
ran ge 
n1ean 
s. d. 
range 
l. 
2. 
3. 
4-. 
5. 
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T.:-~BLE I COIITII·HJ"lD 
0BS~RV~rt 8 
HEAD l HEAD 2 HEAD 3 
96.0 1. 100.0 1. 104-.0 
93.0 2. 103.0 2. 103.0 
94-.0 3. 97.0 3. 101.0 
91.0 i+. 99.0 4-. 100.0 
22.0 5. ~ 5. 102.0 23-2 i9- 1~2.0 
-1.7 -1.9 -1.4 
91.0-96.0 99.0-103.0 100.0-104-.0 
HEAD 5 HEAD 6 - "AD 7 
1. 99.0 1. 105.0 1. 102.0 
2. 97.0 2. 103.0 2. 103.5 
3. 93.0 3. 1ot1-.o 3. 104.0 
ti-. 96.0 4. 105.0 4. 101.0 
5. 2~.o 5. ~ 5. 100. 5' io.O 1~2.2 103. 
-2.0 -1.3 
1. 
2. 
~: 
5. 
1. 
2. 
3. 
L• re 
5. 
±1.5 
93.u-99.0 101.0-105.0 100. 5-104.o 
~EAD 9 HEAD 10 ili:;AD 11 
1. 93.0 1. 105.0 1. 95.u 1. 
2. 97.0 2. 1ol.o 2. 92.u 2. 
3. 97.0 3. 10 .o 
~= 
90.0 3. 
4-. 95.0 4-. 103.0 89.0 4. 
5. iq:g 5. 100.0 5. n,, 0 5. ou , 1~3.0 90.8 
-1.7 -1.6 ±2.4-
93.0-97.0 100.0-105.0 80.0-95.0 
H3AD 13 H.Jlill 11+ -IEAD 15 
1. 99.0 1. 93.0 1. 96.0 
2. 94-.0 2. 92.0 2. 95.5 
3. 94-.0 3. 92.0 3. 9o.O 
l+. 92.0 4-. 93.0 4. 93.0 
5. ~ ,- 2.1.0 5. 94.0 J • i • 22.2 i4.9 
-2.3 -0.7 -1.2 
92.0-99.0 91.0-93.0 93.0-96.0 
HEAD 1+ 
97.0 
97.0 
97.0 
94-.o 
~ 
-1.7 
93.0-97.0 
rfilAD 8 
101.0 
102+.o 
103.0 
103.0 
100,0 
102.2 
:.t1.l.f. 
100 • 0-10 11-. 0 
Hi.:1\.D 12 
92.0 
97.0 
96.0 
93.0 
~ .,, . 
±1.9 
93.0-97.0 
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TABLE I CONTINUED 
OBSERVER 9 
HEAD 1 HEAD 2 HEAD 3 HZAD l+ 
1. 88.o 1. 97.0 1. 101.0 1. 96.0 
2. 93.0 2. 97.0 2. 104.o 2. 96.0 
3. 91.0 3. 96.5 3. 103.0 3. 95.0 
lf.. 92.0 4. 96.0 4-. 103.0 4-. 96.0 
5. 
~r:a 5. ~J:g 5. 22.Q 5. 9~.o mean 1~2.0 io.O 
s. d. -1.8 -0.7 -1.7 -o.6 
range 88.0-93.0 95.0-97 .o 99.0-101+.o 95.0-97 .o 
HEAD 5 HEAD 6 HEAD 7 !IBAD 8 
1. 94.o 1. 105.0 1. 98.0 1. 106.0 
2. 92.5 2. 103.0 2. 99.0 2. 103.0 
~: 90.0 3. 102.0 3. 106.0 3. 102.0 93.0 4. 102.r; 4. 107.0 4-. 101.0 
5. 2:1.zQ 5-ffl:% 5. 102.0 5. 2s.Q mean ~2.1 1~2. 103.0 102.0 
s. d. 
-1.1+ -1.6 ±3.7 ±2.6 
ran ge 90.0-91+.o 100.0-105.0 98.0-107.0 98.0-106.0 
r!EA}) 9 IIBAD 10 IE .till 11 HEAD 12 
1. 96.0 1. 105.0 1. 91.0 1. 94.o 
2. 95.0 2. 104.0 2. 91.0 2. 99.0 
3. 91+.5 3. 102.0 
~: 91.0 ~: 97.0 4. 96.0 1+. 101.0 90.0 97.5 
5. i~:~ 5. ~ 5. ~ 5. ~ mean 1~2. i • i .3 
s. d. -o.6 -1.6 -O.l1- -1. 9 
ran ge 94.0-96.0 101.0-105.0 90.0-91.0 91+.0-97.5 
HEAD 13 HEAD 14 IE AD 15 
1. 95.0 1. 91.5 1. 95.0 
2. 97.0 2. 90.0 2. 95.0 
a: 96.0 3. 88.o 3. 94.0 95.0 ti-. 88.o 4. 92.5 
5. ~ r;. ~ 5. ~ mean i?• ue9 i .1 
s. d. -o.B ±1.6 -0.9 
ranee 95.0-97 .o 87.0-91.5 92. 5-95.0 
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TABLE I CONTINUED · 
OBSER'/ER 10 
HEAD 1 HEAD 2 l:IEAD 3 HEAD lt-
1. 95.0 1. 101.0 1. 1ot1-.o 1. 100.0 
2. 97.0 2. 96.5 2. 103.0 2. 96.0 
~: 97.5 ~- 99.0 3. 103.0 3. 97.0 95.0 • 100.0 4. 104-.o 4. 95.0 
5. ~ 5. ~ 5. ~ 5. 97.0 mean 4 .o 1~3- i1.o i 
s. d. -1.1 -1.9 -o.4 -1.6 
range 95.0-97.5 96.0-101.0 103.0-104.o 95.0-100.0 
HEAD 5 HEAD 6 HEAD 7 nEAD 8 
1. 95.0 1. 106.0 1. 105.0 1. 107.0 
2. 96.0 2. 107.0 2. 10 .o 2. 105.0 
3. 95.0 3. 106.0 a: l0 u.0 3. 106.0 4. 97.0 lt. 106.0 109.0 4. 104.o 
5. ~ 5-~ 5. lio.o 5. ~ mean 10 .2 1~8.0 • s. d. -o.a ±o.4 -1.6 =1.0 
ran ge 95.0-97.0 106.0-107.0 105.0-110.0 104.0-107.5 
I-8AD 9 1-E AD 10 lillAD 11 & AD 12 
1. 96.0 1. 110.5 1. 92.5 1. 99.0 
2. 98.5 2. 109.5 2. 90.0 2. 9', .o 
~= 
97.0 3. 110.0 
~: 91.0 3. 97.5 98.0 4. 10~ .o 92.0 4. 99.0 
5. 22.0 5. :!_OC)1l 5. 2310 5. 9g,~ mean i1-~ lQ.9•7 i1.7 i s. d. 
-o. -0.5 -1.0 -o.6 
ran ge 96.0-9 8.5 101;.0-110.5 91.0-93.0 97. 5-99.0 
HEAD 13 HEAD 14 HEAD 15 
1. 101.5 1. 96.0 1. 99.0 
2. 100.0 2. 95.0 2. 95.0 
3. 101.0 
~: 93.5 ~: 95.0 4. 101.5 94-.0 91+. 0 · 
5. J_0J.,0 5. ~ ;. ~ mean 1~1.0 2 • i s. d. 
-0.5 -o.B -1.8 
ran ge 100.0-101.5 93.5-94.5 94-.0-99.0 
.J+o-
TABLE II 
Mean and Standard Deviation computed from 
the combined mean values of all examiners 
for each head 
ru;ADS MEAN STANDARD . 
-(OBS~RVEnS 1-lUJ 
1 93.1 + -2.2 
2 97.'5 ±1.~ 
3 102.3 ±1.9 
lt- 95.2 + -1.j 
; 9j.8 + 
-2.1 
6 luj.6 + 
-1.3 
1 lOc:!. ,.', ±2.6 
H 102.5 ±2.1 
9 96.lf. .. 1 -- • j 
10 104.5 + -3.0 
11 91.3 + -1.9 
12 96. 7 + -1.9 
13 9,., + -2.6 
14 9~.2 + -1.9 
1 '5 93.j + -2.3 
TABLE III 
Two Methods or Reliabil1ty 
UBSE£!V&iRS Hoyt's 
Re.11at>ilitY 
;tntra-cJ. 2ss i:, 
1 • 96':J .Bbl 
2 .961+ .840 
j .9'14 .8H0 
'+ .983 .917 
5 .977 .913 
6 .973 .902 
7 .9~7 • ~'+(j 
8 • 9'/'+ .<;)U3 
9 .969 .t,ij9 
10 .990 .';161+ 
Observers combined .988 .890 
TABLE IV 
Accuracy of Measuring 1~1ethod 
Angles 
Observations 1 2 3 5 
1 91.0 91.5 91.0 91.0 92.0 
2 91.0 92.0 91.0 91.5 92.0 
3 91.5 91.5 91.5 91.5 92.5 
4 91.5 91.5 91.0 91.0 92.5 
5 91.0 91.5 91.0 91.5' 92.0 
6 91.0 92.0 91.0 91.0 92.0 
mean 91.166 91.666 91.083 91.250 92.166 
s. d. ±0.235 :to.235 ±0.186 ±0.250 ±0.235 
FIGURE I
Diagram or analyzer developed to determine an extra-skeletal 
reference plane 
-- -----------' ' 
t • • • • 
• • • • • 
' 
1 
5 sets of marking holes sighting bar 
scale: l inch= 7 mm. 
• FIGURE II 
:Methods or measuring the angle formed by the sella-nasion 
plane 1nter:--:\::cting the vertical reference landmarks established 
by the obs~~vers 
I !3 
~ ' ; 2 
.3 
4 
I 
points markou 
by observer~ 
2 
1 
angle me~ ured five times 
